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(54)Titte: n-TYPE MODULATION DOPE MULTIPLE QUANTUM WELL SEMICONDUCTOR LASER 



(57) Abstract 

An n-type modulation dope multiple quantum well 
semiconductor laser having a multiple quantum well structure 
comprising a heterojunction structure of a well layer and a barrier 
layer, wherein the well layer is made of a nondoped semiconductor 
material, the barrier layer is made of a semiconductor material 
modulation-doped with an n-type dopant, a low-reflectance film is 
formed on the front edge face, a high-reflectance film is formed on 
the back edge face, the cavity length is 800 um or more, and the 
mirror loss (dm) expressed by am^l^L^nO/^f.Rr)) (where L is the 
cavity length (cm), Rf is the reflectance of the front edge face, and 
Rr is the reflectance of the back edge face) is IS cm' 1 or less. The 
output of the laser is high compared with conventional nondoped 
MQW semiconductor lasers, and the industrial value of the laser used 
as, e.g., a 1480-nm laser for EDFA excitation is high. 
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*mmz, 600-165 onm©»[S««T^-rsna!*»iK--y#m* 

xD&£L&£fig?#F (Gift. MQWtEt) «jg£i&ttJI£U AMU*?g 

&«JMafiEamra«stt. tt#®«mf cwno s m 

OSIl:im«Au-Ge/N i/Au*^^nlti*W$n, 
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-y77^Aii>li^ (ED FA) \L >tfU-*?m?t bTfflV^ 

>FH£l/rffllEIK:*-r. 
£<DlMiiaA&3;, nlInP^^nlW7^ K/Il aipSI nPfr 

g) i&U.l /imT$5a^OGa InAs P*^JiJ&Sj?* 1 2 OnmOTSR^K 
D&&J12 a<h, Ri;<AgjWl.l wm^5««Ga InAs PfrSjsjcS 
2 0nm«)±ffi3tffli;a«)ii2 b ^©IffllC. 3 <H©*^#F*WrSiStt 

^tT> £(Z)J£&Jltt, 1.45 / > F-y® InAs 

P*^/«5)l^8nm0#pi3a<!:, ft#FJi©MCJSUHSn, /OH^fy 
(A g) /iU.UmTS5«(D/>h'-yi nGaAsP^^f 

|6]±J&* nJt&T % -5 d t tf&&\Z «k o TJSM^SI $ nt ^ £ (K. Uomi. Japanese 
Journal of Applied Physics, vol. 29, No. 1, January, 1990. pp81~87£#HB) „ 
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5 nwso 

mtr * &m©/i 7 * - 9 * mm? %> z. t \z& o , n ai*p h - y m q w 
io *R9i<Dm<DBmt* #J 3 m*ffif&?z*mfcttn*m$i-?z>z\tiz£K>. e 

0 0-1 6 5 Onm©^g^^©#S©^T^T^nM^H-7°MQW 



(fc£U Ltt^iggS (cm) , R f ttf&«iS©KSt#, RrttWOSIt 
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17 -3X10 18 cm- 3 ^D, $&. MISHfi^®(DMM¥ (Rf) 1*1 — 1 OX 
T\ #?1fflEftjM®Klt* (Rr) l48 0-1 0 0m«nSaEiF-^# 
if *HP Tfc 5. 

*lt, «naMQwKijftj«*«r«ffl©#FJiT*iSLTfcck<, menSF 
i - 1 5 mr$> z> n mxm k -y#fi*?#F u-if t ^ *> * i*. 

^LT, *»Wfc*^Ttt, i!B#Fi^ I nAs PT'MtSCtlC.fcO, 
1 2 0 0-1 6 5 OnmOftfi^-e^rSnffiaEWH-^SM^F^* 
ftlz-lf^, ita#Pi^Ga I nNAstMt^uiilcfcD, 9 0 0-1 
6 5 0nm©«fi#*T»3tr*nS«WH-^m*^#F^##^-1f*^ 
Mm#FmZGa I nAs PT*rirr* 7 0 0-1 6 5 0nm<Z)& 

Ga I nAs*r«J5RT*J:^fcJ:D, 8 0 0-1 4 0 Onm©JfcMr«T38ft-r 
5 ni^il H-^ltf Huf2#FJl£A IGalnA 

sT^T^^^^ctD, 6 0 0- 1 6 5 0nm©ftSf«T5!3tt5na«W 

hW£are#F**fri'-if*^^«**i*- 

ST. B 1 HT»UfcJi«36**T* y > F-7MQW**#U-1f *PAfc 

h-^mq w^mfc »f Bzmmistc. 

5k"T. %2®\Z&^X. #^H^3 bW^^{C(ii?^7nm(D^F-7 0 gP3 C 
fr£ 1 . 5 imJiBlbfcttilKff* 7 nm<Z>£W K-^W 3 c M$ntl^, 
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a - = 2lT ln ( Rf .Rr ) 
GfcflfU Ltt#SS5 (cm) , Rftt«r»iS©KW, RrWiO 

T*Sn<5S7-fltfc (cm" 1 ) ib*^it«*H (J th : A/cm 2 ) fc®H 

8blH S i <D&m\*-¥>?M&&lX 1 0 18 cm- 3 T&£i^B<E>J§££ 
*U AEP(7Dit^b2«S i ©fih'-tf>yi^5X 1 0 18 cnr 3 T£5^ 

JS3Hfr&9i&*&J:5fc. F-t°>^t»U x l o 18 cm- 3 T&£ift^B 
^7-JS& (a J *U San-^OfiV^S^-JS^fTOTttL^V^H 

#5, H-t!>^i«*«5X 1 0 18 cm- 3 <h^^lC^^>ci:±f3L,^m«t#?> 

bfc^T, ^ilggfi (L) , MSH®©Slt* (Rf), ^8ffi©Rit^ (R 
r) &mW\zm%.LT$7-&9< (a m ) #1 Scm^SKTtU^ <fc"5 

mmmS btC5 X 1 0 17 ~3X 1 0 18 cm- 3 CO#miefflTn^F-A°>h 

h— tf> ^rn«, #pi i «H3& o © u # wi&a* * u r fSflEtt® < 

Sfc, fufBUfciSt^B (H-tr>^^l X 1 0 18 cnr 3 ©&©) t^AtC 



WO 00/42685 



6 



PCT/JP99/07063 



l/ v = l/^.l+-^-. -(2) 

. ln W. 

m& (a,) \t4. 6cm- 1 t&mznrz. Ttett* m^BCDnmm^ (a) \t. 
J >F-7°<Dm?A(Dft®m$: (a) tcMLT&J 2 3 Z. tm\W L 

fro 

Z\(DZ\t\Z. 1 X 1 0 18 cm- 3 <DF-¥>tfmmm, T&frt^ 5X10 17 
~3X 1 0 l8 cm- 3 W^TnMF-/1>h^^F-h'>^1-a^<h^«fcD> 

Lfco ^UT. (1) XrnmtlZ^^-mZ: (a m ) ifil Scm-'UTlZtzZ 

z.t*mmtL^-D, miEfcRM^ en \z-o^xo)^n^m^ m&mvm 

mmjtftTtfZtcMZlZ, #M%& (D £8 0 0 [im^zWlfe-r^X&Z 

*mmz. ±&vtcmmt*n\zm^<±m%mfrmftznrch<Dx$>z> < , 
£t\ msmiz. ^mnm^omffimo irnz^To laic^wr, ^m^mm. 

1 0<D±\z, Tffipyy 1 1 a, TSBfcBB 1 2 a, M-Jf 1 3, ± 
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UftmC&®Ml2b, 1»^7-;HI1 lb, n>f# hMl 4ffiZ<DmfT! 

^V-XMBE& MBEfe CBEfe MOCVD^if(DI^ + ytil/ 

5 ^LT, 0©MiK:ttWI (n^HH) 1 5 atfflWten, □ h 

I14©±C(itI (p$MM) 1 5 b^t-5-^»^Lfc«i?»j«Sti, 
*&, M«® (HUflM) SlCIt «*tfS i N.|iJI^6M«jRatKl 6 
a^IStl, MIS2l:tt^tfff-S i!<hS i N x »*2fl!SK:*»cJB* 

io ftttfl 13H J y h*-^o^iMfiA^I«5#FI 13at, niK-A' 

15 fiJIl 3b**T*MQW«lifiK:feoTVi*. LfrU £©#FJf<D$C«±fEb 
fcck3&3i®^££n&&c9Tte&<> i~i 5M<a|gfflft£&nfc£«J;tA. 

»Sfl3b£#fcF-fc:>^LTt>«fc<, £fcRtgJB3b©**«Tttfc< F— 
20 7@8rai± • TfcflioTV>T*><fc^. 

»SfiSl 3b©*WH-tf>^$n*nahWX>h<»:bTtt, #R&S 
S e&&tfZ>Z.tifi-Z&Z. 
thX. f©H-t>^imi5X 1 0 I7 ~3X 1 0 18 cm- 3 ^^$n§. 

H-hr>^M&5x i o i7 cnr 3 ckD{£<-<r5<^ (i) s^JStasn* * 

25 7-m%: (aj tfl 5cm- l SkTtUZ&5\Z#Mm& (L) , fi&MK 1 6 a 
(Rf) , SSKIttSIl 6 b©ESt* (Rr) ZMfeVtztLTh, /> 
H-y^^m^ldit^TL^^MSgSt^ (J th ) jW£<fc&fct^5-C& 
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S. F-fcf>^«&#3X 1 0 l8 cnT 3 J;DiSi<&5<i:, l^t, ^7- 

TL#mt*«E$B& (J th ) tf*/to*<fcS&^rt>6T*3. 
#$U* K-fcf >^*Sttl X 1 0 18 ~2 X 1 O'WW. 

*^£UT0#jBM (L) tt8 0 O/imRJLfcifcjesns. ^H^S (L) 
*«8 0 0/imJ;0fi<ft5i:, SflUi 1 3 < & D , ^AUSSt© 

«WI®fc:*tt*«K»Btl6a©S»* (Rf) tt, l~10%l;^ 
£tt£ a Rfffi£l%«fc0iS<T3^ (J th ) 

tWffifcfcttSfiSttKl 6b©E«M* (Rr) F&8 0~ 1 0 0 XKKJfcSn 
S. 8 0%J;DiS<T-5<h, HfMIIS <ffil**§@) a>S<Wfcfflrta«»<&D. ft« 

*»W0l/-'»f* : ?fc43V>T, (D , 6 a©Slt$ (R 

f) , 6 b<Dfcttm (Rr) tt, ^m-b, ±«BLfc*fc«j£ 

$n«*«, *-o*£T?t>, (1) 5S»cs^T»aisn5 5 7-a* (<o a* 

CK&JcSftU— IfJtfPlCfcHT, #FJI1 3 aCDJMMWfttl/TInAsP 
*ffl^5tl 2 0 0^1 6 5 0nm, GaInNAs£fflV>S£900~165 
Onm> GaInAsP$fflU-5t7 0 0~1 6 5 0nm, GalnAsSffl^S 
t8 0 0~1 4 0 0nm, A 1 G a I nAs$ffl^5t6 0 0- 1 6 5 Onm©$ 
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io tom^^-r^yy, 

«jfiS^"Tx^;^-^> KB ; 

^it^fx^;^-A> HH ; 

20 fg5H*HJfi-r«fc8e>o«©»» 
$Jtfl l 

1 3 0 0nm<Oi£g#«Tf8JgU £ 5 HT*LfcM*ifi&*rr**»9J0 n 

nil nP^e^SItl 0 0 (10 0) nil nP^^JI^O. 

25 6 /imOnl^77 KSl 1 a, I n 0 . 86 Ga 0 . 14 As 0 . 3 0 6 P 

o. 694 (Ag=l.Um) frbJ&ZmfrOA 2 tim(DT&ytfflV&*bmi 2 a 
fcJB#HMU ICfO±t:Mt5iSttil 3^11^©^, In 0 . 86 G 
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a 0 . i 4 As 0 . 3 0 6 P 0 . 6 9 4 Ug=l.Um) A^^^0.12/imO±ai 

2 b, pi I nFfrZf&Z>m&2 umOpM^^y Fll 1 b, 
DM I nGaAs^b^f*O.4/im03>^^ hil 4 £JII&/j£Ebfc. 

«&J113te> 1.4 5%<Z)ffif&^-£WU />K-7°I nAs 0 . 45 P 0 . 55 
fr6J&5ff^8nm<A3j@<D#F/Il 3at, ^n^FJIl 3 atfWC^J&S 
*U I n 0 . 86 Ga 0 . 14 As o. 3 0 6 P 0 . 6 94 (Ag=l.l nm) frt>fc*). "fife 
^lCj?^7nmTS i©nMiH-7'g|i (H-tf>^jtm: 1 X 1 0 1 W 3 ) 

i3c^wrs^n 3btMUc. C(D^mi3\t^5mr 

Ml 3<7)iti^U.2MmTS^li^^^PM©^^ii«:MBL. U- 

t^T, 3>^^hil4(i!)±l:Ti/Pt/Au (£fc«Au-Zn) fr£ 

mflJgfcL/i ^flflgSKAu-Ge/N i/Au^^5nIiil 5 

^-©m, ^Sft^UT^iSglS (L) $1 2 0 0/irat«U itu^M ({±1 
IJ>TO) S1CSM$ (Rf) ^5%OS iN x J£J116a£/&J]||U fiijcftifli 
@ (MQi) S 2(C^M^ (R r) 6%tt£Z>£?fca-S i/S i N x fr 

fc*5, ZOm^** (1) ^T^ffi^tl^^^-ift^ (a m ) ^12. 7cm- 1 

[— [— — ]] 

L 2X0.12 L 0.05 X 0.96 J J 

tt.&<Dfz!b\Z. iiil 3 b«PH-ygPl 3 c %&f&Vtzfr-ofrZ.t&m 
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cn6 2«»©U-— tf*^^*, 3teffi^-*«£«ptt*W^fc. 

V-^m=f<D^tiU2 8 0mWiSi:&oT^5*«, SfelSf!©^-^*^®^ 
5 3 OnrnggrefeO, ffiffirtfoPBjfcSnWS. 

£U:©^»raS, bTte? A g = 1 . 1 

tfm©t)0Sffl^&^ A g^0.6 5 fimU±X\ ^O^Fil 3 a©/t>F 

*r^*^©*r»T»oTfefiVi. #Fil:ttInAsP$ffll« Ga 

10 InAsP, A 1 G a I n A s , Ga I nNAs&M^TfcJ;K 

ni^77Filla, pS^7'yFIllbl:flInP*fflW, InP 
fctt^S^TSA 1 0 . 48 In 0 . 62 As£fflV>T&<fc^„ ftKi;&«>JB£: 
bTttSCHOftfrOKGR I N-SCHSffl^TfciK 

15 mmm2 

1 4 8 Onm©&g#«Tfg|gU ^ 8 0T^bfc«*iifiS#'rS*5gW© n 
S^WK-7 , MQW¥*#U-1fSI^S^©J;'5CbTa4ifibfc. 

nil nP^^5!1Sl 0 0 (10 0) nS! I n P^e»^Sj?^0. 

6am0n^7^HIlla, TSBGR I N- S CH 2 1 a, ^14^22, ± 
20 SPGRIN-SCH2 1 bfcJU&JfclS&U lEtC*-©±lC, piInP^«5S 
#•2 m©p^;7 7y Hillb, pSi I nGaAs*^f*0.4 am<Dn> 
^^hJBl4ft«^fiJa«bfc. 

T^GRIN-SCH2 1 ate, M&%<D I n 0 . 86 Ga 0 . 14 As 0 . 306 
Po. 6 9 4 (A g= 1.1 Mm) fr£$SJ?*2 OnmCDJl 2 la.i, 
25 ©I n 0 . 7 9 2 Ga 0 . 2 0 8 A s 0 . 4 5 3 P 0 . 54 7 (Ag=1.2/xm) 2 
0nm©Ji2 1 a 2 t*COl)!s-C*ibTirtSnt^5. Sfc, ±g&GRIN 
-SCH2 1bH ftjfi-f SJSttJi 2 2 (d*fbTT$GR I N-SCH2 1 ai 
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»IIiH^oTl^. jyfctfjKte, ^fI^OIn 0 . 7 92 Ga 0 . 2 0 8 A 
s o. 4 5 3 Po. 5 4 7 (A g = 1 . 2 m) ^£>/&3J?^2 0nmOl2 1 b 2 tfa?m 
£%<D I n 0 . 86 Ga 0 . 14 As o. 3 0 6 P 0 . 6 9 4 (A g=l.Um) 
2 0nmOjf2 1 b , t^dOJB^M^nfcjnf**. 

J£ttJI2 2«, J > 7°G a o. j 83 I n o. 8 ! 7 A s 

o. 6 9 9 Po. 301 (A g = 1.5 5 Mm) ^5j£SJ¥#4iim0 5fi©#FJ12 2 a 
£n£#FJ12 2 a<Dffl\ZMl&-£n, I n 0 . 7 9 2 Ga 0 . 2 0 8 As 0 . 4S3 P 0 . 
54 7 (A g= 1.2 Mm) WHJI^7nmTS i©nlli^ 

SB (h*-t!>^»S : 1 X 1 0 18 cnT 3 ) 2 2c ^TSJP^l OnmOPtHif 2 

12 2<D*S/6U.2 MmT^^H^^^O^cD^^ii^^iib, 1 0 

m&tmmzLx h v>?mmz\siz. 

n>^^hil4(D±lCTi/Pt/Au (SfcttAu-Zn) ^£ 
jfcSpMfcfil 5 b£7MU ££l 0©«®&W«UT^Off**l 0 0m 
mggCLfcO^, fODiiSHAu-Ge/Ni/Au^^nilll 5 
a£j«bfc. 

£fo&mMVT&M&& (L) £1 2 0 0 Mmfc^tU «® (ft 
OHM) S lKEIt* (R f ) &5%<DS i N x i£Jf 1 6a^lU 
M (&&m) S2\Zfc&m (R r) 6%<h&3J;-3&a-S i/S i N> 

fc*5» ^(D^O^^-m^ (a m ) ttl2. 7cm-M^oTUS. 
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9 8 OnmWifcgffiSraBigU J&9BT^UfcJgfc£ftWT**»W<0nSl 

nSGaAs*^5Sfi3 0 0) (1 0 0) nlA 1 0 . 3 Ga 0 . 7 As 

*>Sj85T«*7y'FJi3 1 a lt nlA l 0il Ga 0 . 9 As^^§^3 0 
nmOT«*BBi;ji«>J13 1 a 2 , GaAs)i^^5f*l 5 nmOtH C&#>JI 
32a, fiH£JI3 3, G a A s J&>5j5fc5flt* 1 5nm©3fcKD&«>Ji 3 2 b , p 
30A 1 0J Ga a ,Asj&>5j£*ff*3 0mn©±*B*Hi;a»Ji3 1 b 2 , p^A 1 
u Ga ft7 As^^±^7^H13 1 b^JR&j&KU Mfc*©±fc, p 
SGaAsj&>£ritSJ?#0.3 /zm<D3>^ hjR 3 4 fcflg&JEfc&bfc. 

?SftJl3 3«, 1.4X©EE»2*ftWU />H-^Ga 0 . 81 I n 0 . 19 As 
^5j*Sff*7nm©2ffl©#F/13 3 at, dft^FJI 3 3 aOMfc»J*$ 
n, GaAs^^D, 7 nmTS 10nffl*«H-^« (K-fcT 

>>?mm: lX10 18 cm- 3 ) 3 3c£#T*ff*l 0nm©»M3 3bT«j£ 

£ftt>TV>S. 

SfMi«l3tfmOUy^*ittSfflU---!f*f^«Lfc. ft*. (L) »1 

ft*, £®*^<0 5 7HS£ (a J ttl2. 8 cm-McftoTViSo 

MtCHWJ©!/— tf^t LTttl 3 0 Onm, 1 4 8 Onm, 9 8 OnmO&S 
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5 0 nm, 1 5 5 0 nm, 8 5 0 nm, 7 8 0 nm, 6 8 0 nm, 6 3 0 nm, 6 0 0 nm 
££fc«fcD, 6 0 0~1 6 5 0m©ifc&#ttT»3fc«. HOl^— !f*^tt, « 
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ft £ 0 IS H 



io (fcfcU Ltt#Jg§§fi (cm) , R f tt«t«]B©R*«U RrttW©SM$ 

T7j*£n357HS$k (a B ) AJlScm-^TClCaoWS. 
2. ^ 1 ©nil i H-7^1If ^P^^L^-^t^^T, MTG 
|^Mt^ttSnS!H-/t>h©h*~fcr>^«i^5X 1 0 17 ~3X 1 0 18 cm 
15 - 3 T&3o 

BSStC*WSnfflH-/^>h©K-t:>^*«AUx 1 0 18 ~2x l 0 18 cm 

4. ^l/-Al<Dn^PF-y#S*^#F¥^l/-^WlC*3^T> MIS 
20 (R f ) #1-1 0%T*9, 8&iB&MIBiG>jRI**J&<8 0 

~1 0 0%T&3. 

5. U-A 1 OnfflM H-^ltf#F¥»*l/-lf« : Fl:*V»T, MB 
nIH-/t>h*iSi, SeifdiSnm 

25 #pm<Dmn~i sit^^. 

7. ^l/-Al(DnM^H-7^M*^#P*^U-1tW^*5^T, jfflK 
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8 . # i - 7 (D^ttiftonmmm F-y#ms^#F¥^i/-if^ : ? 

HufB#P««I nAs PTti^^nT^T, 1 2 0 0-165 OnmO&g^ 

9 . ? l^-A 1 - 7 CD^fn^©nlfi H-^fiS^P^^U-ifm^ 
HtilS#Pl«Ga I nNAsti^nt^T, 9 0 0-1 6 5 Onm0i£;S^ 
1 0. ^l/~Al~7<7DV^n^(Dn^ilK-7°#m*^#P¥^l/-if^ 
mtmWmfeGa I nAs PT^^tlT^T, 7 0 0- 1 6 5 OnmO&g^ 

11. ^ 1 - 7 (DV^n^(DriM^ii F-7'#a»^#P¥^ftl/-- If* 
BUfB^FJl teG a I nAsTMSnt^T, 8 0 0-1 4 0 0nm£>fcl«5 

12. ^ V-K 1-7 OViTn^^nM^^ F-7^1If#F¥^l/- tf* 
HUfE^P/f &A 1 Ga I nAs«$m^T, 6 0 0-1 6 5 OnmO&g 



WO 00/42685 



1/7 



PCT/JP99/07063 



i m 



nminprm^m ia 



pminP±^yym lb 




GalnAsPTSP 

ytfflz&$>m 2a 

(JLg=l.ljum) 



GaInAsP±g|$ 
ytfflti&ftm 2b 
(^g=l.lAtm) 



y^K— ^InGaAsP 

matm 3b(^g=i.i^m) 
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2 m 



120nm 



«Ph -71» 3c 



120nm 




8nm 7nm 
lOnm 
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